The incidence of acquired tracheomalacia in a patient can result from complications associated with the use of endotracheal or tracheostomy tubes. It is the case that with continued exposure to high cuff pressure, the cartilaginous tracheal rings soften, fragment, and then disappear, which in turn results in destruction of the supporting framework [1] . We report three cases of successfully managed tracheomalacia in patients with amyotrophic lateral sclerosis (ALS) who were using a tracheal tube. Tracheomalacia is characterized by weakness of the tracheal walls and supporting cartilage. It results in dynamic compression of the airway, where the cross-sectional area of the trachea is reduced by expiratory compression. Acquired tracheomalacia results from complications associated with the use of endotracheal or tracheostomy tubes. In this report, we present three cases of patients with amyotrophic lateral sclerosis (ALS) successfully treated for tracheomalacia, including one case where the patient underwent surgery for combined tracheoesophageal fistula. We discuss the appropriate management strategies for tracheomalacia in patients with ALS. Through these case reports, we note the results of ALS patients who will have tracheostomy, and who are therefore at risk of sustaining a long term high cuff pressure, this study provides an evaluation for tracheomalacia and therapeutic management which should be considered for improving patient care outcomes.
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CASE REPORTS Case 1
A 67-year-old male patient, who presented with dyspnea and unstable vital signs, was transferred to Pusan National University Hospital. He was diagnosed as having ALS 10 years ago. Subsequently, 3 years following diagnosis, he underwent a tracheostomy, with 24-hour ventilator assistance.
For several months prior to admission, the patient complained of continuous dyspnea and chest discomfort with leakage around his tracheostomy cuff, which resolved when the cuff was inflated with additional air by the caregiver. Upon admission, approximately 15-20 mL of air into the cuff measured by cuff manometer (VBM Medizintechnik, Sulz am Neckar, Germany) was required to achieve adequate sealing. The subsequent bronchoscopic examination and chest computed tomography (CT) revealed a dilated tracheal structure (33.6 mm×37.5 mm), suggesting tracheomalacia with minor tracheoesophageal fistula (TEF) (Fig. 1) .
At admission, the patient experienced acute oxygen desaturation (to 50%) and a drop in blood pressure. The tube that was inserted at the time had the inner diameter (ID) of 8.0 mm, outer diameter (OD) of 11.9 mm, and cuff pressure of 55 cmH 2 O with 17 mL cuff inflation. The tracheostomy tube was immediately removed and replaced with an endotracheal tube, which resulted in improved oxygen saturation and airway pressure. The patient was taken to the intensive care unit (ICU) and we succeeded to replace ID of 8.0 mm, OD of 11.0 mm, and cuff resting diameter of 20 mm size of adjustable flange tracheostomy tube to maintain stable oxygen saturation after multiple tube changes. This particular tube is a longer than cuff tube length, and can be fixed on the desired depth by adjusting the fixing part of the neck. The cuff pressure of 30 cmH 2 O was maintained with 12 mL cuff inflation.
The tube was inflated with 10-15 mL of air, combined with a tracheal cuff pressure of less than 30 cmH 2 O, to minimize additional structural damage to the trachea. An additional bronchoscopy was performed to verify the location and size of the subtle fistula, and a 2-cm defect was found at the left posterolateral wall of esophageal side. We carried out a sternothyroid muscular rotation flap surgery to close the tracheal defect.
After the operation, the patient continued with ventilator care in the general ward via an equivalent adjustable flange tracheal tube. The chest tube was removed, as the patient's improvement was confirmed by the use of chest radiographs. The patient was subsequently discharged from the hospital 78 days following admission.
Case 2
A 48-year-old male patient with ALS, presenting with several months of consistent air leakage at the tracheostomy site, visited Pusan National University Hospital. He was diagnosed as having ALS in 2005; he had undergone a tracheostomy 8 years previously and had received 24-hour ventilator assistance. A 7.5-mm silicon tracheostomy tube had been used and, at the time of admission, nearly 15-20 mL of air with more than 90 cmH 2 O of cuff pressure had been required to avoid air leakage.
A chest CT revealed a dilated trachea structure (26.97 mm×23.19 mm), suggesting tracheomalacia around the cuff area. After multiple tube changes, we used an ID of 7.5 mm, OD of 10.4 mm, and cuff resting diameter of 31.0 mm double cuff tracheostomy tube. Unlike a previous cuffed tracheostomy tube, the double cuff tube can use the alternation of the cuff inflation to minimize risk of injury on high risk tracheal mucosa. www.e-arm.org At review, there was nearly 6-8 mL of distal balloon inflation, with a cuff pressure measuring less than 25 cmH 2 O, was recorded and measured, minimizing additional structural damage to the trachea. The patient was discharged from the hospital 5 days following admission.
Case 3
A 71-year-old male patient who presented with redness and discharge around the tracheostomy site was hospitalized. Upon review of his condition, consistent air leakage around the tracheal cuff was also noted. He was diagnosed as having ALS 12 years ago; he had a tracheostomy, with 24-hours of ventilator assistance, 4 years after diagnosis. Nearly 10 mL of air was required to achieve an adequate sealing effect, with 80 cmH 2 O of tracheal cuff pressure. A chest CT of the patient revealed a disrupted trachea structure and dilated trachea (28.66 mm×24.39 mm), suggesting tracheomalacia with abscess formation and an increased soft tissue density at the posterior aspect of the tracheostomy site (Fig. 2) .
We started antibiotic therapy for the abscess, and replaced an ID of 7.0 mm, OD of 9.6 mm, and cuff resting diameter of 24 mm size of adjustable flange tracheostomy tube to avoid air leakage. After multiple tracheal ballooning trials, we setup 7 mL of air combined with a tracheal cuff pressure of around 40 cmH 2 O without air leakage. The patient was subsequently discharged from the hospital 14 days following admission.
DISCUSSION
Tracheomalacia is characterized by weakness of the tracheal walls and supporting cartilage. It is defined as dynamic compression of the airway, where the crosssectional area of the trachea is reduced by expiratory compression [2] . The incidence of acquired tracheomalacia is caused by any process that affects the change in the compliance of the trachea, and disrupts the uniformity of caliber change of the trachea [3] . The normal transverse diameter of the trachea ranges between 15 and 25 mm in men, and 10 to 21 mm in women, but in this study we noted that the tracheal diameter in all three patients was dilated [4, 5] . As described in our first case, the most frequent cause of acquired tracheomalacia is an indwelling tracheostomy and endotracheal tube with an inflatable cuff [6, 7] and some of the cases develop into TEF at the level of the cuff. Recently however, the current recommendations include the utilization of a cuff pressure range between 20 and 30 cmH 2 O in adult patients to prevent tracheal injury [8] . We have noted that the overinflation of the cuff causes tracheomalacia, TEF, and tracheal rupture due to tracheal mucosal blood flow injury. In the opposite case, the noted under-inflation of the cuff can occur air leakage, inadequate ventilation, microaspiration and pneumonia. In the case of tracheomalacia as in the previous case, it is very important that the position of the cuff is repositioned in that case, so as not to give mucosal injury at the same position.
After placing an endotracheal tube to improve oxygen saturation in our first case, we tried multiple tube changes, and eventually used it as an adjustable flange tube. For two of our patients, the early diagnosis of tracheomalacia and tube changes subsequently served the patient, and avoided consistent air leakage, and also reduced the patient's hospitalization period. Therefore, it is important to reposition the cuff level by choosing the right types of tube, in order to avoid the mucosal injury to the patient. After changing the tube and reducing the cuff pressure, there was no air leakage or microaspiration, www.e-arm.org and the ventilator modes were not changed in all three cases. However, intermittent air leak around the cuff was observed after home discharge, which improved when the tracheostomy tube was correctly positioned.
In order to manage the tracheostomy tube properly, the tracheostomy cuff pressure and air leakage should be measured periodically. If there is a problem in any of these apparatus, the tube should be changed to another type, such as adjustable flange or double cuff tube, instead of the subsequent use of a cuff inflation. We hope that this presented information will encourage more medical staff, including rehabilitation specialists, to adequately manage the use of a tracheostomy cuff to prevent the incidence of tracheomalacia, especially in patients diagnosed with ALS.
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